Abstract Trichobezoars (hair ball) are usually located in the stomach, but may extend through the pylorus into the duodenum and small bowel (Rapunzel syndrome). They are almost always associated with trichotillomania and trichophagia or other psychiatric disorders. In the literature several treatment options are proposed, including removal by conventional laparotomy, laparoscopy and endoscopy. We present our experience with four patients and provide a review of the recent literature. According to our experience and in line with the published results, conventional laparotomy is still the treatment of choice. In addition, psychiatric consultation is necessary to prevent relapses.
Introduction
Trichobezoar, a hair ball in the proximal gastrointestinal tract, is a rare condition almost exclusively seen in young females [1] [2] [3] [4] [5] . Human hair is resistant to digestion as well as peristalsis due to its smooth surface. Therefore it accumulates between the mucosal folds of the stomach. Over a period of time, continuous ingestion of hair leads to the impaction of hair together with mucus and food, causing the formation of a trichobezoar. In most cases the trichobezoar is confined within the stomach. In some cases, however, the trichobezoar extends through the pylorus into jejunum, ileum or even colon. This condition, called Rapunzel syndrome, was first described by Vaughan et al. in 1968 [6, 7] . In addition, incidentally, parts of the tail can break off and migrate to the small intestine, causing intestinal obstruction [8] [9] [10] . In the early stage, most trichobezoars may not be recognized due to their nonspecific presentation or even lack of symptoms in the early stages. One should be aware of a trichobezoar in young females with psychiatric comorbidity, as it is usually the result of the urge to pull out one's own hair (trichotillomania) and swallow it (trichophagia). Other psychiatric disorders, however, such as mental disorders, abuse, pica, obsessive compulsive disorder, depression and anorexia nervosa may also be associated with trichobezoar [3, 11, 12] . When not recognized, the trichobezoar continues to grow in size and weight due to the continued ingestion of hair. This increases the risk of severe complications, such as gastric mucosal erosion, ulceration and even perforation of the stomach or the small intestine. In addition, intussusception, obstructive jaundice, protein-losing enteropathy, pancreatitis and even death have been reported as complications of (unrecognized) trichobezoar in the literature [13] [14] [15] [16] [17] .
Following the introduction of minimally invasive surgery and endoscopy with mechanical and laser fragmentation techniques, some authors have questioned the necessity of laparotomy for trichobezoar and consider these new techniques as to be preferred for trichobezoar removal [8, [18] [19] [20] [21] [22] [23] . The aim of this study is to evaluate our experience and to select the most appropriate approach in light of these new developments, based on a thorough review of the current literature.
Patients and methods
Between 1990 and 2008, four patients have been treated for trichobezoar in our center. Their medical charts were reviewed with respect to symptoms, diagnostic procedures and treatment. In addition, all published case reports or studies of trichobezoar in children (age 0-18) were identified through a Medline search (January 1990 until January 2009), using 'trichobezoar' as the keyword. The abstracts were reviewed. Studies and case reports were eligible when they were written in or translated into English or Dutch, provided at least one case of trichobezoar in the specified age group, and mentioned treatment and postoperative course of the patients. We then obtained and analyzed the full papers. References cited by these papers were also reviewed for eligibility.
Results
Symptoms, diagnostic procedures and treatment of the four patients are outlined in Tables 1 and 2 . All were females and between 9 and 15 years old. One patient (#2) presented with signs of peritonitis and was found to have elevated blood and urine amylase. As a sealed perforation with reactive pancreatitis was suspected, she underwent urgent diagnostic laparoscopy without further visualization of the gastrointestinal tract. One patient (#1) suffered from Rapunzel syndrome. The trichobezoar extended from the stomach through the pylorus into the jejunum (Figs. 1, 2) . In case #4, MRI preceded barium contrast studies due to the suspicion of a malignancy (Fig. 3) . Gastroscopic removal with either mechanical or laser fragmentation was attempted in two patients, but failed and was followed by conventional laparotomy. All patients eventually proved to suffer from trichophagia and referred to a child psychiatrist or psychologist. No recurrences have been reported.
Discussion
Although rare, trichobezoar may present as an emergency that surgeons should be prepared to deal with.
We have reported our experience of four patients, who were eventually diagnosed with and treated for trichobezoar. This subject has recently attracted attention because of the debate about the application of minimally invasive techniques such as endoscopy and laparoscopy [8, [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . The literature on trichobezoar in children almost exclusively deals with case reports. In total, 108 cases (Table 3) could be identified within our search limits, most of them females, as was the case for our four patients. As is demonstrated by our cases and the literature, trichobezoars are (Table 3 ). All our cases suffered from trichobezoar-related complications.
The most common complication is perforation of either the stomach or the intestine (Table 3) . Two of our cases suffered from gastric ulcer. Due to the significant size of the trichobezoar in most cases, the blood supply to the mucosa of the stomach and part of the intestine is reduced, which may cause ulceration and eventually perforation. Of special interest are cases #1 and #2, who suffered from intussusception and reactive pancreatitis, respectively, both uncommon complications [16, 28, 29] . Trichobezoar should be considered as a differential diagnosis in young females who present with non-specific symptoms such as epigastric pain, fatigue, weight loss and epigastric mass. The main focus of this paper is to evaluate our experience with the treatment of trichobezoar in light of the recent literature. Although most of the 108 case reports we collected mention the treatment used, treatment strategy was never the main focus of the study. There is one exception: Koulas et al. [30] reported on the management of gastrointestinal bezoars in general. Due to lack of information on the ages of the patients, the types of bezoar and the actual treatment strategies, this study could not be included in the review. We consider that the optimal therapy combines minimal invasiveness with optimal efficacy. Medical treatment and enzymatic degradation, although attractive because of their noninvasiveness, have been reported as ineffective [31, 32] .
Endoscopy
Endoscopic removal, if effective, would be the most attractive alternative. The first report of successful endoscopic removal of a trichobezoar concerned a relatively small one, weighing only 55 g [33] . In two of our cases endoscopic removal was attempted, but was unsuccessful. Reports of successful endoscopic removal of trichobezoars are remarkably scarce, however; they are vastly outnumbered by case reports documenting unsuccessful attempts of endoscopic removal with or without fragmentation in children [8, 18, 19, 26, 27, 34, 35] . We were able to identify 40 cases in which endoscopic removal had been tried of which only two were successful (5%) [18, 19] . In one of these, a trichobezoar was successfully removed as a whole from the distal esophagus [18] . In a series of 15 patients with bezoars, a 15-year-old girl underwent fragmentation of a large trichobezoar by means of a modified needle-knife and monopolar coagulation current [19] . In most case reports, however, fragmentation was considered impossible because of size, density and hardness, and endoscopy was not considered a viable therapeutic option [8, 26, 27, 34, 35] . Moreover, as the removal of all fragments requires manifold repeated introduction of the endoscope, pressure ulceration, esophagitis and even esophageal perforation may ensue [20, 36] . Additionally, fragments of a large trichobezoar might migrate after fragmentation or repeated manipulation through the pylorus, causing intestinal obstruction further distally [37] . Careful examination of the intestine for satellites, however, cannot be done with endoscopy, let alone that removal of those fragments is possible. Although not a therapeutic option, however, as a diagnostic modality endoscopy may prove to be extremely valuable in patients in whom the nature of the gastric mass is unclear. It enables the differentiation between trichobezoars and foreign bodies that can be fragmented and removed endoscopically [27, 38] .
Laparoscopy
In one of our cases laparoscopy was the initial procedure, but it was converted into laparotomy when a large intragastric mass was encountered. In our center we consider laparoscopy inferior to laparotomy for the treatment of trichobezoar. Nirasawa et al. [21] were the first to report on laparoscopic removal of a trichobezoar. Since then only six other reports of attempted laparoscopic removal were published (Table 4) [8, 20, [22] [23] [24] [25] . The lack of reports on endoscopic treatment might partly be explained by the rarity of trichobezoar but it could also indicate that laparoscopy is not an attractive treatment modality for trichobezoar. Of the six case reports, two reported failure of removing the trichobezoar, caused by the size of the trichobezoar or by satellite trichobezoars in other locations of the gastrointestinal tract [24, 25] . In one study, endoscopic and laparoscopic approaches were combined; as endoscopic fragmentation of the bezoar was not possible, a laparoscopic approach was used for fragmentation of the trichobezoar, while endoscopy was used for removal of the fragments [20] . Successful laparoscopic removal, however, requires significantly longer operation time as compared to conventional laparotomy, mostly due to the complexity of the operation. Careful examination of the entire digestive system (intestine and stomach) is necessary in order to prevent secondary intestinal obstruction due to satellites. With laparoscopy this procedure is far more challenging. The risk of spilling contaminated hair fragments into the abdominal cavity makes the laparoscopic approach even less attractive. In addition, due to the rarity of trichobezoars, the technique of laparoscopic removal and inspection of the entire intestine may be hard to acquire. The benefits of laparoscopic removal of trichobezoars with intestinal obstruction have been reported to have better cosmetic result, less postoperative complications and reduced admittance time [39] . Not all authors, however, mention the length of hospital stay. Although several reports stress the excellent cosmetic result of the laparoscopic approach, they also report the frequent need to extend the initial port wounds, sometimes with up to 2-4 cm [8, 21, 22] .
Laparotomy
Laparotomy was successful in all of our cases, although minor wound infection occurred in two patients. We identified 100 cases in the literature who underwent conventional laparotomy; all were successful. Twelve patients (12%) suffered from one or more complications (Table 3) . Perforation of the intestine during removal of the trichobezoar was reported in three patients [40] [41] [42] , minor wound infection in three [11, 29, 43] , pneumonia in two [44, 45] , paralytic ileus in two [46, 47] , ileal trichobezoar in one and fecal leakage through the lower part of the laparotomy wound in one patient [10, 48] . Due to 100% success rate, the relatively low complication rate, the low complexity, and the ability to carefully examine the entire gastrointestinal tract for satellites in a short period of time, laparotomy is still considered the treatment of choice in our center.
Rapunzel syndrome
In Rapunzel syndrome, we see no other valid option than conventional laparotomy. In our patient (#1) endoscopy was tried, but proved unsuccessful. At laparotomy the trichobezoar was removed without postoperative complications. Actually, endoscopic removal should not even be tried as the tail usually reaches into the jejunum and manipulation carries the risk of parts breaking off, which cannot be removed endoscopically [8] [9] [10] . Laparoscopy was successful incidentally in trichobezoars extending into the duodenum, but as most authors would agree that the Rapunzel tail has at least to reach into jejunum, these cases did not meet the criteria for Rapunzel syndrome [6, 7, 20, 21, 23] . The removal of the tail requires careful manipulation of the bowel to prevent perforation; sometimes multiple enterotomies are needed. It is practically impossible to safely obtain complete removal of the trichobezoar in Rapunzel syndrome.
In conclusion, trichobezoar should be considered in young females presenting with non-specific abdominal complaints. Endoscopy can be used as a diagnostic modality for these patients as it can differentiate trichobezoar from other types of bezoars, which can be removed safely with endoscopy. As far as treatment is concerned, however, we consider conventional laparotomy to be the treatment of choice in children with trichobezoar and to be the only valid treatment in children with Rapunzel syndrome. The literature provides no evidence of superiority of endoscopy or laparoscopy. The lack of invasiveness of these techniques does not seem to outweigh the disadvantages and the complexity of these procedures. In addition to the acute surgical treatment, psychiatric consultation is necessary in order to prevent relapses. Conflict of interest statement The authors declare that they have no conflict of interest.
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